Vinyl cations I+, of the structure R^C^CR" (I+: R' = R" = anisyl; R' = phenyl.R" = anisyl. I*: R' -methyl.R" = anisyl) were generated by flash photolysis of corresponding bromides. Lifetime measurements yielded the following: substitution of aromatic groups in 2-position by methyl groups largely improved the electrophilicity of the vinyl cations. The nucleophilicity of typical compounds (ketone, ester, alcohol, olefin) was measured.
Introduction
The reactivity of carbocations is still a subject attracting the interest of researchers investigating the fundamentals of nucleophilicity and especially problems concerning the interdependence of reactivity and selectivity [1] [2] [3] [4] [5] .
This paper deals with reactions of substituted vinyl cations of the structure I and concerns two aspects: (i) the nucleophilicity of various compounds toward vinyl cations (I + ) and (ii) the electrophilicity of vinyl cations (I + ) possessing various substituents.
The following vinyl cations were examined: l,2,2-tris(p-methoxyphenyl)vinyl cation (I+), l-p-methoxyphenyl-2,2-diphenylvinyl cation (l£) and l-p-methoxyphenyI-2,2-dimethylvinyl cation (l£).
As expected, the nucleophilicity was found to depend strongly on the chemical nature of functional groups contained in the compounds under investigation. Moreover, it turned out that the electrophilicity of the vinyl cations was drastically improved by substituting aromatic groups in position 2 by methyl groups.
With respect to the present work it should be pointed out that, up to now, the reactivity of nucleophiles towards vinyl cations was examined only scarcely and that earlier work yielded only relative * Reprint requests to Prof. Dr. W. Schnabel.
Verlag der Zeitschrift für Naturforschung. D-7400 Tübingen 0932 -0776/88/0700 -0807/$ 01.00/0 reactivities. Rappoport and Apeloig reported for instance [6] relative reactivities of some nucleophiles toward the l,2-di-p-methoxyphenyl-2-phenylvinyl cation at 120 °C in acetic acid solution. The following relative reactivities (relative to CH 3 COO~) were given: Br (45.5), CP (15.2), CH 3 COO~ (1.0), CH 3 0-S0 3 " (0.16) and CH 3 COOH (0.0024).
Generation of Vinyl Cations
In earlier work substituted vinyl cations I + were generated by solvolysis of the corresponding halogen compounds I [7] . In the present work vinyl cations were generated by flash photolysis at 265 or 347 nm of compounds of type I (X = Br). Direct evidence for the photolytic generation of I + according to reaction (1) I + hv-»r + X"
was obtained earlier by flash photolysis experiments in conjunction with photocurrent and optical absorption measurements [8, 9] . Optical spectra of I^, and Ic have been reported elsewhere [9] , The kinetics of reactions of vinyl cations I + can be conveniently measured upon irradiating solutions of I with 20 ns flashes of UV light because of the rather long life time of the cations (1 to 20 jus in acetonitrile). Rate constants of reactions of I + with added substances according to reaction (2)
were measured by recording the decrease of the optical absorption of I + as a function of time after the flash.
Experimental Part

Materials
Synthesis and purification of compounds I a , I b and I c have been described elsewhere [10] .
Compounds tested for nucleophilicity were commercial products (obtained from Aldrich or E. Merck). They were distilled prior to use. Olefinic compounds were freed from stabilizer by washing with aqueous sodium hydroxide solution. Acetonitrile was distilled from P 2 0 5 . 
Irradiations
Here, k 0 is the decay rate constant measured in the absence of additive. Plots of k vs.
[Y] yielded straight lines as can be seen from Fig. 2 where typical data are presented. Values of k 2 were obtained from the slopes of the straight lines. k 2 values are presented in Table I . Regarding single nucleophiles, the k 2 values obtained for the reactions of cation I* are about 20-55 times higher than those obtained for corre- sponding reactions of the cations I a and I b . Obviously, cation I* is much more reactive than the cations I a and I b . Moreover, k 2 values obtained for corresponding reactions of the cations I a and I b are equal within the error limit. Therefore, it is concluded that substitution of phenyl by anisyl does not bring about a change in the electrophilicity of the cations. However, substitution of aromating groups by methyl groups results in a significant increase in electrophilicity of the vinyl cation. [9].
With respect to the nucleophilicity of the compounds studied in this work, it is obvious that the benzene ring is unreactive. This results from a comparison of the k 2 values obtained with ethylbenzene, on the one hand, and those obtained with styrene and a-methylstyrene, on the other hand.
drawing power of the vinyl group causing a reduction in the nucleophilicity of the oxygen:
Jb
Discussion
(i) Nucleophilicity of various compounds Pyrrolidones
As can be seen from Table I N-methyl-2-pyrrolidone (8) exhibits a high reactivity toward vinyl cations if compared with the other compounds investigated in this work. The high reactivity of 8 seems to be caused by the rather pronounced nucleophilicity of the carbonyl oxygen giving rise to the attack of vinyl cations at the carbonyl groups: Substitution of the methyl group by the vinyl group causes a reduction in k 2 by a factor of 6 to 7. Probably, this difference reflects the electron within connection with the interpretation given above it is interesting to refer to work of Alder [11, 12] on the methylation of a cyclic carbamate by methyl fluorosulphate. In this case the methylation at the carbonyl oxygen was reported to occur rapidly at room temperature:
FSO,
Esters
The k 2 values of the esters 5 and 6 (1 to 2xl0 4 l/mols) are rather low and comparable to those of compounds possessing C-C double bonds but no oxygen such as 2 and 4. Obviously, the ester carbonyl group does not affect the nucleophilicity of 5 and 6. This is interpreted in terms of the electron withdrawing power of the ester oxygen: R' Therefore, the nucleophilicity of the carbonyl oxygen is strongly reduced. Actually, this interpretation harmonizes with the findings and conclusion of Alder concerning the methylation of esters with the aid of methylfluorosulphate [11] . Methylacetate was not affected by FSO3CH3, and ethylacetate only to some extent which was attributed to the inductive effect being of importance in the case of esters.
Ethers
In the case of tetrahydrofuran (10) k 2 is appreciably higher than in the cases of diethylether (11) and n-butylvinylether (3). In accordance with the reactivity-selectivity principle the difference in k 2 values is higher in the cases of the less reactive cations I a and Ib than in the case of the more reactive cation 1^. In the cases of I a and I5, k 2 values differ by about one order of magnitude, but with they differ only by a factor of about four. The rather large differences in k 2 values are presumably explainable in terms of steric hindrance which makes a successful approach of a vinyl cation to the oxygen much less probable in the cases of 3 and 11 than in the case of 10. 
Olefinic compounds
Carbons in phenyl groups are unreactive as was demonstrated by examining ethylbenzene (9). The lifetime of the vinyl cations was not affected by 9. In contrast, styrene (2) reduced the lifetime. Therefore, it is concluded that the C-C double bond is the reactive site in this case. However, the low value of k 2 (1.9X10 4 1/mols) reflects a poor nucleophilicity.
(
ii) Electrophilicity of vinyl cations
Since I c does not absorb light at 347 nm, irradiations had to be carried out at 265 nm in this case. However, at this wavelength most of the compounds listed in Table I are not transparent. Rate constants k 2 of the reactions of I^ with N-methyl-2-pyrrolidone (8), tetrahydrofuran (10), diethylether (11) and various aliphatic alcohols (12-15) could be measured. They are 20-55 times higher than those obtained with I a and Ij. As far as the alcohols are concerned, the dependence of k 2 on the number of carbon atoms is more pronounced in the case of I a than in the case of [9] . This is in accordance with the reactivity-selectivity principle according to which the more reactive carbocations react less selectively.
The high reactivity of is probably due to the relatively high electron density at the carbons of the vinyl group and may also be attributed to some extent to steric hindrance effects being less pronounced in the case of than in the cases of I a and I b . In this connection it is interesting to note that I a and exhibit almost no difference in k 2 values demonstrating almost equal electrophilicity.
